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IMPORTANCE Despite research showing no link between the measles-mumps-rubella (MMR) JAMA Report Video at
vaccine and autism spectrum disorders (ASD), beliefs that the vaccine causes autism persist, jama.com
leading to lower vaccination levels. Parents who already have a child with ASD may be
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OBJECTIVE To report ASD occurrence by MMR vaccine status in a large sample of US children
who have older siblings with and without ASD.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort study using an administrative
claims database associated with a large commercial health plan. Participants included
children continuously enrolled in the health plan from birth to at least 5 years of age during
2001-2012 who also had an older sibling continuously enrolled for at least 6 months between
1997 and 2012.

EXPOSURES MMR vaccine receipt (O, 1, 2 doses) after 1year of age.

MAIN OUTCOMES AND MEASURES ASD status defined as 2 claims with a diagnosis code in any
position for autistic disorder or other specified pervasive developmental disorder (PDD)
including Asperger syndrome, or unspecified PDD (International Classification of Diseases,
Ninth Revision, Clinical Modification 299.0x, 299.8x, 299.9x).

RESULTS Of 95 727 children with older siblings, 994 (1.04%) were diagnosed with ASD and
1929 (2.02%) had an older sibling with ASD. Of those with older siblings with ASD, 134 (6.9%)
had ASD, vs 860 (0.9%) children with unaffected siblings (P < .001). MMR vaccination rates
(=1dose) were 84% (n = 78 549) at age 2 years and 92% (n = 86 063) at age 5 years for
children with unaffected older siblings, vs 73% (n = 1409) at age 2 years and 86% (n = 1660)
at age 5 years for children with affected siblings. MMR vaccine receipt was not associated
with an increased risk of ASD at any age. For children with older siblings with ASD, at age 2,
the adjusted relative risk (RR) of ASD for 1dose of MMR vaccine vs no vaccine was 0.76 (95%
Cl, 0.48-1.22; P = .25), and at age 5, the RR of ASD for 2 doses compared with no vaccine was
0.56 (95% Cl, 0.30-1.04; P = .07). For children whose older siblings did not have ASD, at age
2, the adjusted RR of ASD for 1dose was 0.91(95% Cl, 0.68-1.20; P = .50) and at age 5, the RR
of ASD for 2 doses was 1.09 (95% Cl, 0.76-1.54; P = .65).

CONCLUSIONS AND RELEVANCE In this large sample of privately insured children with older
siblings, receipt of the MMR vaccine was not associated with increased risk of ASD, regardless
of whether older siblings had ASD. These findings indicate no harmful association between
MMR vaccine receipt and ASD even among children already at higher risk for ASD.
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Autism Occurrence by MMR Vaccine Status Among US Children

currently recommended for children in the United

States: the first at age 12 to 15 months and the second
at age 4 to 6 years.! Although a substantial body of research
over the last 15 years has found no link between the MMR vac-
cine and autism spectrum disorders (ASD),>* parents and oth-
ers continue to associate the vaccine with ASD.> Parents cite
vaccinations, especially MMR, as a cause of ASD® and have de-
ferred or refused vaccinations for their children as a result.”®
Lower vaccination levels threaten public health by reducing
both individual and herd immunity and have been associ-
ated with several recent outbreaks of measles, with most cases
occurring among unvaccinated individuals.®

Families with a child affected by ASD may be particularly
concerned about reports linking MMR and ASD, despite the lack
of evidence.!° Surveys of parents who have children with ASD
suggest that many believe the MMR vaccine was a contribut-
ing cause.! This belief, combined with knowing that younger
siblings of children with ASD are already at higher geneticrisk
for ASD compared with the general population,'?'* might
prompt these parents to avoid vaccinating their younger chil-
dren. In a recent survey of 486 parents of children with ASD,
nearly 20% had declined or delayed MMR immunization in the
younger siblings of these children.!® Furthermore, a Cana-
dian study of 98 younger siblings of children with ASD found
that younger siblings were less likely to be fully MMR immu-
nized when compared with their older siblings with ASD. How-
ever, there were no statistically significant differences in rates
of ASD diagnosis between immunized and nonimmunized
children.'® To our knowledge, this very small study is alone
in examining MMR immunization and ASD outcomes among
the younger siblings of children with ASD.

Thus, we set out to report on ASD occurrence by MMR vac-
cine status in a large sample of US children having older sib-
lings with ASD and to compare findings with those among chil-
dren who have older siblings without ASD.

T wo doses of measles-mumps-rubella (MMR) vaccine are

Methods

Aretrospective cohort study was conducted using an adminis-
trative claims database associated with a large US health plan
(the Optum Research Database). The Optum Research Data-
base includes more than 34 million individuals each year, con-
taining both commercially insured individuals and Medicare
managed care enrollees. The database consists of proprietary,
deidentified health claims data from a geographically diverse
US population (16% West, 20% Midwest, 36% South, and 27%
Northeast). In addition, the age and sex distribution of the en-
rollees is similar to that reported by the US Census Bureau for
both the commercially insured and the Medicare managed care
populations. The New England Institutional Review Board
waived the need for informed consent and deemed the study
exempt based on its use of existing, deidentified'® data.
Index children were identified among commercially in-
sured enrollees who had both medical and pharmacy cover-
age and included all children in the database born between
January 1, 2001, and December 31, 2007, who were continu-
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ously enrolled in the health plan from birth to at least 5 years
of age and who also had an older sibling continuously en-
rolled in the health plan for at least 6 months between the be-
ginning and end of the study period (January 1, 1997-
December 31, 2012). Older siblings of index children were
identified using a family identifier variable associated with the
insurance policy; siblings had to be between 6 months and 17
years older than the index child to be included.

ASD status in index children and older siblings was
determined using a claims-based algorithm with a positive
predictive value of 87%!” that required 2 or more claims on
separate dates of service with an International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
diagnosis code in any position for autistic disorder, other
specified pervasive developmental disorder (PDD) including
Asperger syndrome, or unspecified PDD (299.0x, 299.8x,
and 299.9x). Both index child and older sibling ASD status
were determined using their entire enrollment time that fell
within the study period. Index children had to have at least
1 older sibling with 2 claims with ASD diagnoses or all older
siblings with no ASD diagnoses. Children with an older sib-
ling with only 1 claim with an ASD diagnosis were excluded.
Index children with only 1 claim with an ASD diagnosis were
also excluded.

MMR vaccine receipt was defined as having a Current Pro-
cedural Terminology (CPT) or ICD-9-CM procedure code indi-
cating receipt of each component (measles, mumps, and ru-
bella) after 1 year of age (eTable 1in the Supplement). The date
of administration of the trivalent MMR (or the last-
administered component of monovalent vaccines) was used
to determine age at administration for each dose (first or
second).

Because the recommended age of first MMR dose admin-
istrationis 12 to 15 months, and 4 to 6 years for the second dose,
relative risks (RRs) were estimated to compare ASD status in
children receiving 1 dose of MMR at ages 2, 3, 4, and 5 years
and 2 doses at age 5 years vs those who were unvaccinated at
those ages (2-dose RRs at age 4 years would only include those
children who received the second dose by their fourth birth-
day). Separate RRs were estimated for children with older sib-
lings with and without ASD. Since no children were lost to fol-
low-up before reaching age 5, unadjusted RRs were reported
as cumulative incidence rate ratios by taking the ratio of the
proportion of children who had an ASD diagnosis in an ex-
posed group (either 1 MMR dose or 2 MMR doses) to the pro-
portion of children who had an ASD diagnosis in the unvacci-
nated group at a given age.

Adjusted RRs were reported as hazard rate ratios esti-
mated from a single Cox proportional hazard regression model
that used age since birth as the time scale and included MMR
receipt as a time-varying covariate ascribing follow-up time to
either the unvaccinated group, the 1-dose group, or the 2-dose
group, depending on immunization status at any given age. An
interaction term between MMR receipt and older sibling ASD
status was included to allow adjusted RRs to vary by older sib-
ling ASD status. In addition, interactions between MMR re-
ceipt and age (to relax the proportionality assumption and al-
low hazard ratios [HRs] to vary by age), as well as a 3-way
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interaction between MMR receipt, age, and older sibling ASD
status, were tested for possible inclusion in the final model.

Both time-varying and fixed covariates were also in-
cluded in adjusted models to control for potential confound-
ing. Separate claims-based indicators of the presence of sei-
zures and vaccine-related allergies in the index child were
included as time-varying covariates because they are pos-
sible contraindications to vaccines and are potentially asso-
ciated with ASD status.!®2° To capture aspects of the index
child’s overall health status that might also be associated with
both MMR receipt and ASD status, an indicator for preterm birth
and a modified claims-based version® of the childhood chronic
conditions score (CCC)?? were included as fixed covariates. The
modified CCC uses claims-based diagnosis codes to capture the
presence of chronic conditions, excluding those associated with
ASD, within 9 domains: neuromuscular, cardiovascular, re-
spiratory, renal, gastrointestinal, hematologic or immuno-
logic, metabolic, other congenital or genetic defects, and ma-
lignant neoplasms. The presence of at least 1 claim for a
condition within each domain between birth and age 2 adds 1
point to the CCC score (range, 0-9). eTable 2 in the Supplement
lists ICD-9-CM codes used to define conditions and variables.

Maternal and paternal educational level, household in-
come, and race/ethnicity were also included as fixed covari-
ates. These sociodemographic factors have been associated
with both ASD status??® and vaccine receipt.24 Approximately
30% of the race/ethnicity data in this study were collected di-
rectly from public records (eg, driver’s license records), while
the remaining data were imputed using commercial software
(E-Tech by Ethnic Technologies) that uses algorithms devel-
oped with US Census data zip codes (zip + 4) and first and last
names. This imputation method has been validated and dem-
onstrates 97% specificity, 48% sensitivity, and 71% positive pre-
dictive value for estimating the race of black individuals.? In-
dividuals categorized as other/unknown for race/ethnicity were
those whose race/ethnicity could not be assigned by the im-
putation algorithm or who were added to the data set after the
imputation had been performed.

Other fixed covariates included in the adjusted models
were sex of the index child, mother’s and father’s age at in-
dex child’s birth, geographic location defined by the 4 US Cen-
susregions, mental health benefits, and index child birth year,
which was included to adjust for varying opportunity for ASD
to develop or be diagnosed. Response categories were cre-
ated for unknown or missing values of all covariates and in-
cluded as such in regression models.

A series of sensitivity analyses were conducted to ex-
plore the influence of potential MMR or ASD status measure-
ment error on results. Quantitative bias analyses were imple-
mented for both exposure and outcome misclassification
following the approach described by Lash et al.?® More detail
on bias analysis methods is provided in the online supple-
ment (eAppendix and eTable 3 in the Supplement). In addi-
tion, associations between MMR receipt and ASD risk were also
reestimated using a less-restrictive 1-claim criterion for ASD
diagnosis in younger siblings. An additional sensitivity analy-
sis was also performed rerunning final models on the subset
of children with no missing data on any covariates.
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Statistical significance testing of unadjusted rate ratios was
conducted using the Yates x test, and statistical significance
testing of hazard ratios estimated by maximum likelihood were
conducted using Wald x? statistics. Likelihood ratio tests were
used to test the statistical significance of Cox proportional haz-
ards models with and without interaction terms. All statisti-
cal tests were 2-sided and the alevel for all tests was .05. Analy-
ses were performed using SAS statistical software, version 9.2.

. |
Results

Out of 95 727 children in the cohort, 1929 (2.02%) had an older
sibling with ASD. Overall, 994 (1.04%) children in the cohort
had ASD diagnosed during follow-up. Among those who had
an older sibling with ASD, 134 (6.9%) were diagnosed with ASD,
compared with 860 (0.9%) diagnosed with ASD among those
with siblings without ASD (P < .001). The MMR vaccination rate
(21dose) for the children with unaffected siblings (siblings with-
out ASD) was 84% (n = 78 549) at 2 years and 92% (n = 86 063)
at age 5 years. In contrast, the MMR vaccination rates for chil-
dren with older siblings with ASD were lower (73% at age 2 years
[n =1409] and 86% [n = 1660] at age 5 years).

Table 1 shows the clinical and sociodemographic charac-
teristics of the 95 727 children, stratified by older sibling ASD
status. Birth years were roughly equally distributed over 2001-
2007, and slightly more than half of the sample was male. Ap-
proximately three-quarters of participants were white, 4% were
black (vs 13% in the US population), and 9% were Hispanic (vs
17% in the US population).?” All 4 of the major geographic re-
gions in the United States were represented, with somewhat
more representation in the South (42% vs 38%) and less in the
West (17% vs 24%) as compared with the overall US
population.?” Approximately 3% had a potential contraindi-
cation to vaccine receipt and approximately 8% were pre-
term. The average length of continuous enrollment was slightly
more than 7 years.

Table 2 includes unadjusted RRs of ASD (cumulative inci-
dence rate ratios) associated with receiving either 1 or 2 MMR
doses (vs no doses) at ages 2, 3, 4, and 5 years separately in chil-
dren with and without older siblings who had ASD. The unad-
justed RR of ASD for 1 dose of MMR at age 2 years among chil-
dren with unaffected older siblings was 0.80 (95% CI, 0.44-1.46;
P =.57)and 0.44 (95% CI, 0.15-1.29; P = .22) among children with
older siblings with ASD. Similarly, at ages 3, 4, and 5 years, no
association was found between 1 dose of MMR and ASD among
index children, irrespective of whether their older siblings had
ASD. For 2 doses of MMR at age 5 years, the unadjusted RR of
ASDwas 0.74 (95% CI, 0.55-0.99; P = .049) among children with
unaffected older siblings and 0.44 (95% CI, 0.26-0.75; P < .01)
among children with older siblings with ASD.

Table 2 also shows adjusted RRs (hazard rate ratios) of ASD
estimated from the Cox proportional hazards model. Interac-
tions between MMR receipt and older sibling ASD status, as well
as MMR receipt and younger sibling age both improved the fit
of a main effects-only model (P = .062 and P = .023, respec-
tively) and were thus retained in the final model. The addi-
tion of the 3-way interaction between MMR receipt, age, and
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Table 1. Characteristics of Study Sample Stratified by Older Sibling ASD Status

No. (%)
Older Sibling Older Sibling
Without ASD With ASD
(n =93798) (n =1929)
Birth year
2001 11292 (12.0) 188 (9.7)
2002 11541 (12.3) 213 (11.0)
2003 12194 (13.0) 239 (12.4)
2004 12587 (13.4) 253 (13.1)
2005 14121 (15.1) 325 (16.8)
2006 15316 (16.3) 349 (18.1)
2007 16747 (17.9) 362 (18.8)
Sex
Male 47917 (51.1) 975 (50.5)
Female 45881 (48.9) 954 (49.5)
Geographic region
Northeast 10281 (11.0) 279 (14.5)
Midwest 27497 (29.3) 588 (30.5)
South 39698 (42.3) 771 (40.0)
West 16291 (17.4) 290 (15.0)
Other 31 (<0.1) 1(<0.1)
Race/ethnicity
White 68524 (73.1) 1509 (78.2)
Black/African American 3538 (3.8) 39 (2.0)
Native Hawaiian or Pacific Islander 81 (0.1) 0
American Indian or Alaskan Native 188 (0.2) 3(0.2)
Asian 3256 (3.5) 58 (3.0)
Hispanic 8605 (9.2) 129 (6.7)
Other 1614 (1.7) 28 (1.5)
Unknown/not reported 7992 (8.5) 163 (8.4)
Household income, annual $
<50000 13025 (13.9) 228 (11.8)
50000-74 999 21413 (22.8) 411 (21.3)
75000-99 999 21241 (22.6) 441 (22.9)
100 000-124 999 15614 (16.6) 384 (19.9)
2125000 11962 (12.8) 285 (14.8)
Unknown/not reported 10543 (11.2) 180 (9.3)
Maternal or paternal highest education level
<12th Grade 946 (1.0) 10 (0.5)
High school diploma 23141 (24.7) 392 (20.3)
Some college or associate’s degree 45654 (48.7) 972 (50.4)
>Bachelor’s degree 22495 (24.0) 533 (27.6)
Unknown/not reported 1562 (1.7) 22 (1.1)
Presence of seizures? 2272 (2.4) 73 (3.8) ggg:z‘srztion: ASD, autism spectrum
Presence of vaccination-associated allergies?® 394 (0.4) 9 (0.5) 2 Seizures and allergies are measured
Preterm birth? 7428 (7.9) 179 (9.3) using each index child's enroliment
Mental health benefit during >first 5y of enrollment 81660 (87.1) 1685 (87.4) period from birth to 24 months.
Length of continuous enrollment, mean (SD), y 7.1(1.7) 7.2 (1.7) :Erlec;ei:g:j(r(t:rl:iilz?ssiiurtrae:n:ts)ilj]rﬁent
Modified Childhood Chronic Conditions score, mean (SD)® 0.3 (0.6) 0.3 (0.6) period from birth to disenrollment.
Age at birth of index child, mean (SD), y b Modified Childhood Chronic
Maternal 32.8 (4.6) 33.5 (4.3) Conditions score range, 0t0 9. A
4961 5069 e
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Table 2. Unadjusted and Adjusted Relative Risk Estimates for MMR Vaccination and ASD at Ages 2 to 5 Years in Children With Older Siblings With and

Without Diagnosed ASD

Older Sibling Without ASD (n = 93 798) Older Sibling With ASD (n = 1929)

No. of ASD Unadjusted® Adjusted® No. of ASD Unadjusted® Adjusted®

Cases/Total P P Cases/Total P
MMR Status No.? RR (95% CI) Value®  RR(95% Cl) Value No.? RR (95% CI) Value®  RR (95% Cl) P Value
Agey
1 dose 53/77822 0.80 (0.44-1.46) 0.91 (0.68-1.20) 7/1394 0.44 (0.15-1.29) 0.76 (0.48-1.22)
Unvaccinated ~ 13/15249 1 [Reference] 1 [Reference] 20 6/520 1 [Reference] 22 1 [Reference] 25
Age 3y
1 dose 239/79666 0.86 (0.62-1.18) 0.97 (0.77-1.21) 38/1458 0.67 (0.38-1.18) 0.81 (0.53-1.25)
Unvaccinated ~ 45/12853 1 [Reference] 1 [Reference] 76 17/438 1 [Reference] 22 1 [Reference] 34
Agedy
1 dose 395/79691 0.91 (0.70-1.18) 1.03 (0.81-1.31) 64/1491 0.66 (0.42-1.04) 0.86 (0.56-1.34)
Unvaccinated ~ 65/11957 1 [Reference] >3 1 [Reference] 82 25/387 1 [Reference] 10 1 [Reference] 51
Age5y
2 doses 244/45568 0.74 (0.55-0.99) .049 1.09 (0.76-1.54) .65 30/796 0.44 (0.26-0.75) .003 0.56 (0.30-1.04) .07
1 dose 339/40495 1.16 (0.87-1.53) .35 1.10 (0.79-1.53) .59 51/864 0.69 (0.43-1.11) .16 0.92 (0.56-1.50) .74
Unvaccinated 56/7735 1 [Reference] 1 [Reference] 23/269 1 [Reference] 1 [Reference]

Abbreviations: ASD, autism spectrum disorders; MRM, measles-mumps-rubella;

RR, relative risk.

2 For each row, categories for No. and No. of ASD cases will not sum to the total
number as ASD cases described in Results because some children were
diagnosed with ASD after age 5 years and some children received 2 MMR
doses prior to the recommended ages as reported.

b Cumulative incidence rate ratio based on simple incidence proportions.

€ Hazard rate ratio from Cox proportional hazards model adjusting for birth year,
sex, region, race/ethnicity, maternal or paternal highest education level,
household income, mother’s age at birth of index infant, father's age at birth of
index infant, continuous enrollment with mental health carve-out benefit,
Childhood Chronic Conditions score, seizure, allergies, and preterm birth.

dVates-corrected x? test.

older sibling ASD status provided no additional improvement
in model fit (P = .556) and was not retained.

In general, adjusted 1-dose RR estimates were closer to the
null than unadjusted estimates and none of the 1-dose RR es-
timates at any age were statistically significant. At age 2 years,
the adjusted RR of ASD for those receiving 1 dose of MMR com-
pared with those not receiving vaccine was 0.91 (95% CI, 0.68-
1.20; P = .50) among children with unaffected siblings and 0.76
(95% CI, 0.48-1.22; P = .25) among children whose older sib-
lings had ASD. At age 5 years, the adjusted RR of ASD for the
same comparisons of 1 MMR dose vs no vaccine was 1.10 (95%
CI, 0.79-1.53; P = .59) and 0.92 (95% CI, 0.56-1.50; P = .74).
There appeared to be a similar influence of adjustment on the
2-dose RR estimates at age 5 years. The adjusted 2-dose RR es-
timate in children with affected older siblings was 0.56 (95%
CI, 0.30-1.04; P = .07) while in children with unaffected older
siblings the adjusted 2-dose RR was 1.09 (95% CI, 0.76-1.54;
P =.65).

Quantitative bias analysis suggested that the influence of
potential underreporting of MMR immunization in our claims
data on RR estimates would be modest and toward the null.
More detail is provided in eTable 3 (Supplement). Nondiffer-
ential outcome misclassification, if present, would appear to
have a very small additional biasing effect toward the null. Dif-
ferential outcome misclassification, if present, would most
likely manifest as greater outcome detection sensitivity among
children who were vaccinated vs those who were not, and
would make actual RRs smaller than those reported (eTable 3
in the Supplement). These bias analyses are informative but
need to be cautiously interpreted given the assumptions in-
volved.

JAMA April 21,2015 Volume 313, Number 15

In other sensitivity analyses, we saw that results were not
substantively different in Cox models that used the presence
of just 1 claim with ASD to define the outcome (eTable 4 in the
Supplement). In addition, the original Cox model was rerun
excluding the 19% of the sample that was missing some so-
ciodemographic data; again, results were not substantially
changed (eTable 5 in the Supplement).

|
Discussion

Consistent with studies in other populations,?* we observed
no association between MMR vaccination and increased ASD
risk among privately insured children. We also found no evi-
dence that receipt of either 1 or 2 doses of MMR vaccination
was associated with an increased risk of ASD among children
who had older siblings with ASD. As the prevalence of diag-
nosed ASD increases, so does the number of children who have
siblings diagnosed with ASD, a group of children who are par-
ticularly important as they were undervaccinated in our ob-
servations as well as in previous reports.1:!>

Although there were no statistically significant RR esti-
mates indicating increased ASD risk at any age in either group
of children (those whose older siblings had or did not have ASD),
the statistically significant interactions in the final Cox model
suggest differences in RR by both age and older sibling ASD sta-
tus. The pattern in RRs across these groups was such that lower
RR estimates (commonly extending into the protective range,
ie, below 1.0) were observed at younger vs older ages and in chil-
dren with older siblings with vs without ASD. Although protec-
tive estimates tended not to reach statistical significance, this
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Autism Occurrence by MMR Vaccine Status Among US Children

pattern is worth further consideration. It is possible, for ex-
ample, that this pattern is driven by selective parental decision
making around MMR immunization, ie, parents who notice so-
cial or communication delays in their children decide to fore-
stall vaccination. Because as a group children with recognized
delays are likely to be at higher risk of ASD, such selectivity could
result in a tendency for some higher-risk children to be unex-
posed. To be consistent with observed data, this would need to
happen more often at younger ages. This seems feasible be-
cause by the time the child is older, developmental concerns are
more likely to have been confirmed or ruled out and parents may
then be less worried about a new exposure, such as a vaccina-
tion, influencing a child’s developmental trajectory. Estimates
at older ages would thus be less susceptible to bias related to se-
lective parental decision making, which also aligns with the pat-
tern observed here. This explanation would also suggest that the
estimate for the 1-dose RR estimate at age 5 years (1.10; 95% CI,
0.79-1.53)isleast vulnerable to this bias because age 5 is several
years removed from the time parents are typically deciding about
the first MMR dose or weighing the importance of early devel-
opmental concerns.

We also saw this tendency toward lower RR estimates for
children whose older siblings had ASD, vs those with unaf-
fected older siblings. As seen in our data and other studies, %'
MMR immunization is lower in children with older siblings with
ASD. 1t is also plausible that parents of affected older siblings
would be especially attentive to developmental delays in their
younger children and decide to forestall immunization. Devel-
opmental abnormalities in affected older siblings may also have
appeared and raised parental concerns prior to encounters gen-
erating ASD claims. Also the contrast in the estimates for the ad-
justed RRs between children with and without older ASD-
affected siblings was highest for those who received 2 doses at
age 5; the ratio of the adjusted RR estimates at this age being
1.95(1.09:0.56) for 2 doses compared with 1.20 (1.10:0.92) for 1
dose. This could reflect more older siblings having been diag-
nosed with ASD between the younger siblings’ recommended
ages of first- and second-dose administration, potentially lead-
ing parents to raise de novo concerns about the vaccine’s safety
at the time second dose decisions are being made.

This study used a large administrative claims data set span-
ning a recent 11-year period to examine associations between
MMR immunization status and ASD risk in the United States.
The administrative claims database allowed for the estimation
of associations free from potential recall bias. However, admin-
istrative claims data do present some important research limi-
tations. Because claims are generated for payment, diagnoses
and procedures that do not affect payment are likely under-
reported, diagnoses for conditions that may eventually be ruled
out can be overreported, and procedures and services that in-
dividuals receive through other payers may not be captured. For
example, the MMR immunization rates in our study were 4%
to14% lower than rates reported in the National Immunization
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Survey. Thus, children in our study who are considered unvac-
cinated may have received vaccines in settings such as schools
or public health clinics in which claims were not submitted. Ad-
ditionally, the diagnosis of ASD was determined using a claims-
based algorithm with a positive predictive value of 87%. There
may have been children with ASD, for example, who did not re-
ceive care related to their ASD during the study period. How-
ever, we conducted a series of quantitative bias analyses to as-
sess the potential effect of these measurement errors and do not
believe these strongly influence the findings of this study. There
are also potential inaccuracies in the identification of siblings
from claims because of assumptions made about family rela-
tionships among individuals on the same health plan. How-
ever these are unlikely to be systematically related to either im-
munization status or ASD diagnosis.

For children born after a hypothetical link between MMR
and autism risk was introduced, parental suspicion of devel-
opmental delay could influence MMR immunization deci-
sion making. Although the extent of this phenomenon is un-
known, its existence is one explanation for the pattern of some
ofthe RRs observed here. However, at ages and doses for which
this phenomenon would be least likely to operate, there is no
evidence of an association between MMR and autism risk.

These data and results are based on privately insured chil-
dren with an extensive period (5 years) of continuous enroll-
ment in a single health plan and may not be completely gener-
alizable to other groups. The prevalence of ASD among all index
children in the study sample was 1.04%, comparable with the
current estimate of ASD prevalence of 1.5% in the general US
population.?® In addition, the younger siblings of children with
ASD had a 6.9% risk of ASD, also consistent with published es-
timates ranging from 6.4% to 24.7%.'21* Despite the large sample
size for the entire study, the RR estimates for the children with
older siblings with ASD are based on a modest number of chil-
dren (1929 children including 134 with ASD). Yet, the upper
bound of the CI never exceeded 1.50, implying that any true large
effects are unlikely to be masked because of statistical impreci-
sion. The findings of this study may not be as applicable to more
ethnically and socioeconomically diverse populations that have
less access to health care services. For example, in our popula-
tion, the average age of ASD recognition based on claims was 4
years, several months earlier than the average age of ASD diag-
nosis in the US population of 4 years 5 months.®

|
Conclusions

In this large sample of privately insured children with older sib-
lings, receipt of the MMR vaccine was not associated with in-
creased risk of ASD, regardless of whether older siblings had
ASD. These findings indicate no harmful association between
MMR vaccine receipt and ASD even among children already
at higher risk for ASD.
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